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REPORT OF MEMBERSHIP COMMITTEE AS SUBMITTED 
APRIL 27, 1922 


Notwithstanding the fact of an ex- 
ceedingly dull business year, the Mem- 
bership Committee reports progress 
At the annual meeting of 1921 the to- 
tal membership of the Society num- 
bered 574 members, divided into 
classes as follows: 


81 
193 
45 


At the annual meeting in 1921, six 
sections were operating with a mem- 
bership as follows:— 


Philadelphia ........... 165 
25 
64 
New YOrk 164 
Northern New York 4() 
Cleveland .............-. 15 
Not in Sections ........ 101 


At the annual meeting in 1922 seven 
sections were operating, with a mem- 
bership as follows: 


115 
57 
Pittsburgh ............. 56 
Cleveland 42 
Northern New York .... 79 
San Francisco ......... 21 
Not in Sections ...... 80 


Increases from April 30, 1921, to 
April 24, 1922: 


56 
113 

210 


Resignations and those dropped for 
delinquency for period from April 30, 
1921. to April 24, 1922—189. Total 
membership on April 24, 1922—595. 

It is interesting to note that at the 
present time, July 1, 1922, the pres- 
ent membership totals 649, which is 
sub-divided into sections as follows: 

Chicago 
Cleveland 
New York 53 


Northern New York .... 79 


Philadelphia ........... 115 
Pittsburgh ........... . 58 
San Francisco ......... 9 
Los Angeles 17 
12 
Not in Sections 72 

649 


It is also interesting to note that, al- 
though 189 members resigned or were 
dropped during the year 1921-22, that 
the increase of membership in a pe- 
riod of great industrial depression 
more than compensated for this 
amount, and that our present mem- 
bership, 649, is larger than it was at 
any time during the history of the 
American Welding Society; for exam- 
ple, membership April 30, 1921, was 
574, and April 24, 1922, was 595. Sec- 
tions are being established in the fol- 
lowing cities: 

Atlanta 
Denver 
Portland 
Seattle 

Salt Lake City 
St. Louis 
Cincinnati 

We also have been able to induce 
some of the Class D members who are 
worthy of higher membership to in- 
crease their membership to Class C 
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and in some cases to Class B, and the 
feeling of the Committee is that from 
now on with better business conditions 
the rate of growth will be materially 
larger than that of the past year. 


A WORD ABOUT OUR ADVER- 
TISERS 


In soliciting the advertising for our 


RESEARCH 


HOW THE FINISHED PRODUCT 
EMERGES 


Very few of our members realize 
the amount of work necessary before 
a finished bulletin of the American 
Bureau of Welding emerges in printed 
form. 

A session with one of our research 
committees will therefore be enlight- 
ening. Take, for example, the recent 
meeting of the Committee on the 
Training of Operators. A number of 


preliminary meetings were necessary . 


before the individual members came 
to an agreement as to the objective to 
be accomplished, what work was nec- 
essary and the methods of procedure. 
However, after several of these ses- 
sions, the committee finally agreed to 
draw up a course on the Training of 
Operators, which would embody the 
following points: 


I—Qualification for welders, including 
1—-Suggestions on the selection of 
applicants for training. 
2—Suggestions on the testing of 
welders. 
II]—Fundamentals of welding. 
I1I—Analysis of welding jobs, includ- 
ing 
1—Oxy-acetylene welding. 
2—Electric are welding. 
IV—Bibliography of welding. 


After a discussion of each of these 
items it was generally agreed that the 
courses on electric are welding and 
gas welding should be kept separate. 
It is safe to say that every member of 
the committee has his own idea as to 
how the work should be done, even 
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Journal we have justly maintained 
that the value of such advertising is 
mutual to the advertiser and member. 
Our advertisers include some of the 
most progressive firms in the welding 
field. It is only fair to call attention 
to the support that is being tendered 
by them in the publication of our 
Journal. 


ACTIVITIES 


though each was considered an ex- 
pert in his own line. All of these 
people are busy men. Their time is 
decidedly limited and is given to the 
work of the committee without any 
hope of remuneration. The Federal! 
Board of Vocational Education, which 
is in charge of this particular prob- 
lem, is spending its money in sending 
their representative to these meet 
ings and to the plants and offices of 
the individual members. 

difficulties encountered in 
drawing up a course for the Training 
of Welding Operators can be seen 
from the following questions: 

1—What should be included in th 


course? 
2—How should it be started? 


3—For whom is it to be drawn up? 

4—How can it be made to fit in with 
the training schools of the railroad, 
shipyard, factories, night school, etc.? 
(Each school has its own methods. 
Some of them are able to supplement 
exercise work with production work. 
Some of them are only interested in a 
particular type of work, such as, fo1 
example, the welding of a particular 
production job.) 

5—What arrangements of jobs 
should be made in order that the stu- 
dent may be given tasks, each one a 
little more difficult than the other? 

6—What supplementary information 
is needed, such as mathematics, 
chemistry, ability to read blue prints? 

7—What precautions and safety in- 
structions must accompany the lec- 
tures? 

8—How can you tell whether a man 
is going to make a good welder be- 
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fore time and money is spent on his 
training? 

These are only a few of the ques- 
tions that must be answered and 
solved by the committee during the 
process of drawing up this course of 
Training of Operators. Very often 
we are accused of lack of progress, 
but this is because one is not ac- 


SECTION 


ORGANIZATION MEETING OF 
BOSTON SECTION 


A preliminary organization meeting 
of the Boston section was held on May 
24 at the Boston City Club. Mr: P. 
KF. McDonald, who acted as chairman, 
briefly summarized the objects of the 
American Welding Society and out- 
lined the reason for the formation of 
the Boston Chapter. The following 
officers were elected: 

Mr. T. A. Wry, chairman, General 
Electric Co., Lynn, Mass. 

Mr. J. J. Flaherty, first vice-chair- 
man, Boston Elevated Railway Co. 

Mr. R. C. Waring, second vice- 
chairman, tastern Massachusetts 
Street Railway Co. 

Mr. R. L. Browne, treasurer, Meta! 
& Thermit Corp. 

Mr. J. W. Morrissey, P. F. MeDon- 
ald & Co., secretary. 

A second meeting was held on June 
23 at the Boston City Club to com- 
plete the organization of the section. 
A number of people interested in 
welding living in Boston and vicin- 
ity were invited to this meeting. Mr. 
C. A. McCune, president of the Ameri- 
can Welding Society, outlined the or- 
ganizational scheme of the Society. 
He stated that sections of the Welding 
Society are now organized in several 
large cities, others will be formed in 
the various industrial centers through- 
out the country to assist in promoting 
the work of the Society. Regular 
monthly meetings are held in each 
section, at which papers and lectures 
of general interest are presented. 
Means are thus established for mu- 


quainted with the difficulties of the 
work involved. Work on a number 
of bulletins is advancing and before 
long we expect to have a sufficient 
number that will refiect credit to both 
the individual members of the re- 
search committees and the Society as 
a whole. Three bulletins have al- 
ready been completed. 


NEWS 


tual co-operation, assistance and ad- 
rancement. He further outlined the 
work of the Society—its research de- 
partment, the American Bureau of 
Welding and the prominence it has 
attained in the welding industry. He 
was followed by Professor C. A. 
Adams, the founder of the Society and 
the 
history of research by the Society and 
emphasized the importance of the co- 
operative movement in research in the 
welding field. Professor Elihu Thom- 
son, first honorary member of the 
Society, spoke on the early develop- 


its first president, who spoke on 


ments of welding and predicted that 
eventually all permanent metal joints 
will be made by welding. The re- 
marks made by these speakers were 
supplemented by Mr. C. J. Holslag of 
the Electric Arc Cutting and Welding 
Co. and Mr. W. A. Slack of the Torch- 
weld Equipment Co. Those present 
at the meeting were: 


Officers 


Mr. T. A. Wry, General Electric 
Co., Lynn, Mass., chairman, 
Mr. J. J. Flaherty, Boston Elevated 
Railway Co., first vice-chairman, 
Mr. R. L. Browne, Metal & Thermit 
Corp., treasurer. 
Mr. J. W. Morrissey, P. F. MceDon- 
ald & Co., secretary. 


Guests 


C. A. MeCune, national president 
Professor Elihu Thomson, first hon- 
orary member, consulting engineer, 
General Electric Co. 
Professor C, A. Adams, second hon- 
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orary member, director of American 
Bureau of Welding 

Mr. W. A. Slack, vice-chairman, A. 
W. S., Chicago Section 

Mr. C. J. Holslag, Electric Are Cut- 
ting & Welding Co. 


Members 


Messrs. P. F. McDonald, M. J. Me- 
Donald, N. L. Schuver, Malcolm 
Thomson, P. Alexander, H. A. Woof- 
ter, Hill, H. O. Westendarp, R. G. 
Anderson, Dr. A. Krebs, C. Lee, H. D. 
Large, F. J. Giduz, C. D. W. Gibson, 
Hunter, Webb, H. F. Russen, A. C. 
Hagerty, B. W. Horsman, C. L. Mc- 
Lean, J. A. Mooney, J. R. Robinson, 
Alfred Oleson, Wheelock. 


MAY MEETING SAN FRANCISCO 
SECTION 

At the May meeting of the San 

Francisco Section a report was pre- 

sented by the Committee on the Weld- 
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ing of Pressure Vessels, which was 
forwarded to the parent organization 
for their approval. A paper was pre- 
sented by Mr. R. S. Fuller, Engineer 
of Distribution, Pacific Gas and Elec- 
tric Company, on the Welding of Gas 
Mains. This paper brought out a 
very interesting discussion. 

JUNE MEETING PHILADELPHIA 

SECTION 

A meeting was held by the Phila- 
delphia Section on June 19, at which 
time Mr. G. O. Carter, Consulting 
Engineer of the Linde Air Products 
Company, presented a paper on “Im- 
portance of Managerial Understand- 
ing of Welding.” 

The next meeting of the Section 
will be held on September 18, at which 
time Professor A. S. Kinsey, Advisory 
Service Engineer of the Air Reduc- 
tion Sales Company, will show some 
films and give a lecture on the manu- 
facture of Oxy-Acetylene. 


NEW MEMBERS FOR MONTHS OF APRIL, MAY AND JUNE 


CHICAGO Class 
Walter Beach, Acetylene and 
F. L. Danezyk, Welder, Western 
M. A. Dantzler, Sales Engineer, 
Gas Tank Recharging Co. ..... A 


S. Gavil, Acetylene Welder, Ache- 
son Topeka & Sante Fe R. R... D 
G. L. Gunther, Gas and Electric 


F. J. Hrunek, Welder, Western 

D 
J. L. Kinsock, Foreman, Standard 


W. R. Kremer, General Sales 
Manager, Vilter Mfg. Co. .... C 
J. W. LeGrande, Welder, Western 
John Nolan, Acetylene Welder .. D 
W. A. Owens, Electric Welder .... C 
H. B. Pearson, Vice-President, 
furdett Oxygen Ce. B 
G. F. Schmid, Sales Manager, 
Central Dept., Oxweld Acet- 


E. L. Swangren, Foreman Welder, 


Western Electric Co. ......... 6 
LOS ANGELES Class 
H. P. Bancroft, Welding Fore- 
A. H. Bartlett, S. P. R. R. Shop 


H. J. Barton, Jamison Steel Co... C 
A. D. Callahan, Electric Welder .. D 
C. J. Coberly, Engineer, Califor- 


nia Compressed Gas Co. ...... B 
E. W. Crane, E. E., Wilson 
Welder & Metal Co. .......... Cc 
J. H. Cunningham, Sales Agent, 
General Electric Co. .......... C 
A. E. DeBurn, Welder Foreman, 
Gay Engineering Corp. ..... C 
J. B. Eastman, Proprietor, Weld- 


B. H. Eaton, Engineer. Way and 
Structures, Los Angeles Rail- 


A. B. Fidler, Welder, P. E. Rail- 

J. E. Granger, Electrician ....... D 
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G. W. Lyons, Electric Welder ... 
G. H. Miller, Electric Welder, S. 
R. B. Rawls, Sales Agent, U. S. 
Steel Products Co. 
W. H. Sweet, Sales Engineer, 
Westinghouse Electric & Mfg. 
Co. 


NEW YORK C 


H. V. Gigandet, District Manager, 
Oxweld R. R. Service Co. ..... 
H. A. Kimball. Electric Welder . 
J. W. O'Neill, District Superin- 
tendent, Oxweld R. R. Service 
John Rich, Roadmaster, Third Av. 
Ry. 
M. A. Thompson, Instructor, Ox- 
weld R. R. Service Co. ........ 
John Tobin, Roadmaster, Union 
Div., Third Av. Ry. Co. ....... 
Curtis Voigtlander, M. E., George 
Watson Williams, District Super- 
intendent, Oxweld R. R. Ser- 


NORTHERN NEW YORK C 


John Berent, Manager, Lockport 
Boiler and Welding Works 


PITTSBURGH 


L. R. Hoffman, Machinist ...... 
G. P. Stewart, Garage Manager, 
Stewart Garage 


SAN FRANCISCO C 


J. H. Bedell, Superintendent, 
Tract. No. 3, Avon Refinery, 
Associated Oil Co. ........... 

J.C. Bennett, Assistant Engineer, 
Associated Oi) Co. 

G. M. Brittain, Foreman, Brown 

W. J. Cain. Electric Welder 

H. D. Coleman, Garage Foreman, 
Amalgamated Oil Co. ........ 

S. D. Denine, Electric Arc Welder 

T. A. Errett, Manager, National 
Welding Equipment Co. ....... 


D 


B 
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Marcell Ferro, Electric Welder 
Bethlehem S. B. Corp. ........ 
L. E. Foust, Acting Superinten- 
dent, Kern Div., Associated Oil 


W. A. Greer, Superintendent, 
Coalinga Div., Associated Oil 
Co. 


E. O. Johnstone, District Sales 
Manager, Page Steel & Wire Co. 
Chas. Larzelere, Welder, N. W. 
P. R. BR. Co. 


H. A. Patterson, Welder Fore- 
man, A. T. & S. F. Railway 

F. P. Pinkham, Oxy-acetylene 


Welder, Pacific Pipe Co. ...... 
M. Rhine, Special Solicitor, Gen- 
R. S. Risdon, Welder, San Fran- 
cisco Brazing & Welding Works 
H. Rose, M. M. Avon Refinery, 
Associated Oi] Co. 
C. M. Small, Superintendent, Mid- 
way Div., Associated Oil Co. ... 
G. C. Thorpe, Superintendent, 
Santa Maria Pipe Lines, As- 
Herman Ullmer, Service Engi- 
neer, Linde Air Products Co... 
G. O. Wilson, Engineer, Standard 


Cecil Wright, Electric Welder, 
Bethlehem S. B. Corp. ........ 
(NOT IN SECTIONS) 
R. J. Johnstone, N. M. United 


Comstock Mines Co., Nevada 


E. F. Harris, Foreman of Ma- 
chine Shop, Mexico .......... 
David Hastings, Superintendent, 


Machine and Boiler Shops, The 
Goldie & MeCulloch Co., Onta- 
r1o 


H. C. Price, Manager, Electra 
Richard Secor, Welding Dept., 


Foreman, Industrial Works .. 
Frank D. Speiser, Elec. Welder, 
United Comstock Mines, Ne- 
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EMPLOYMENT SERVICE BULLETIN 


To meet the demand of its members, the American Welding Society main- 
tains an Employment Service Bulletin. This service is particularly needed in 
the present business readjustment. The bulletin is divided into two sections 
—POSITIONS VACANT and SERVICES AVAILABLE. No charge will 
be made either to the available engineer, foreman or welder, or to the organ- 
ization seeking welding talent. The number of opportunities for employment of 
which the Society has knowledge does not at present equal the number of men 
whose services are available. The co-operation of members of the Society, 
industrial establishments and others needing the services of men trained in the 
various branches of welding is earnestly desired. The fact that an applicant 
for a particular position reads the Journal of the American Welding Society 
shows an honest effort on his part to keep abreast of the latest advancements 
in his chosen field. The location, necessary qualifications for each position and 
the approximate salary, if possible, should be stated in each case. 

Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the bulletin. 

Services Available-—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to members. 
Announcements will not be repeated except upon request received after an 
interval of three months; during this period names and records wil! remai? 
in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society's 
office not later than the Thirtieth of the month if publication in the following 
issue is desired. All replies should be addressed to the number indicated in 
each case and mailed to Society Headquarters. 


POSITIONS OPEN 


V-5—Wanted. Two first-class electric welders for work in Baton Rouge, 
La. Transportation will be paid from any point in the South to Baton Rouge, 


but no return transportation. Work guaranteed for at least thirty days 94¢ 
per hour. 

V-6—Wanted. A man with considerable practical experience in oxy- 
acetylene and electric welding, particularly oxy-acetylene, and who is of the 


caliber to make a high-class foreman. We would like to have some one who 


knows something of the theoretical side of welding. 


| 

| 
| 

| 

| 


USE AND ABUSE IN ELECTRIC ARC WELDING IN 
LOCOMOTIVE WORK* 


C. W. ROBERTS*+ 


Electric arc welding, as we all know, is of comparatively recent 
origin, and as we believe in the American Welding Society is just 
in its infancy. As in everything else, we no sooner discover or per- 
fect a new method, but what it is immediately subjected to abuse. 

Electric are welding is now indispensable in a large number of 
our industries and will continue to increase in importance and effi- 
ciency. It will increase more rapidly if we all strive to eliminate the 
abuse that is brought about by carelessness, ignorance of limita- 
tions, and lack of interest. 

There is considerable discussion and differences of opinions as to 
just what should or should not be welded. It is undoubtedly true 
that in all processes of autogenous welding that an intense local 
heating is unavoidable and that in the cooling there is liable to be a 
certain amount of locked up stresses in some jobs. 

Now the question I would like to have answered is: are these 
locked up stresses great enough and so menacing as to warrant the 
discontinuance of a large amount of our welding? 

It is undoubtedly true that different locomotive parts that have 
been electrically welded have since failed, some after long and very 
hard service. Similar parts that have never been welded have 
failed also. I refer to such parts as crossheads, pistons, rocker 
arms, valve yokes, guides, link motion parts and similar machinery. 

Let us investigate these failures thoroughly and without preju- 
dice or partiality, and find out if the failure was caused from locked 
up stresses, fatigued metals, faulty or inferior castings and forg- 
ings, or by the inefficient and careless welder or supervisor. 

In electric are welding, as in everything else, there are limita- 
tions, and an efficient supervisor will know these limitations and 
will refuse to go beyond them, as he knows such work only leads 
to the condemning of the entire practice of electric are welding. It 
therefore, follows that to have efficient supervision your supervisor 
must have co-operation. 

The greatest causes of failures are the inefficient and indifferent 
workmen and the little heed taken to have a perfectly clean and 
properly prepared job; although suitable equipment and proper 
electrodes for the work at hand should not be overlooked. Your 
finished result, | might say, is 90 per cent operator, 10 per cent 
equipment and materials, while preparation and operation are 
about a 50-50 break. You cannot get thoroughly satisfactory re- 
sults no matter how good your welder’s ability may be, if the work 
is not first properly prepared. 

Our men on this work with which I am most familiar are weld- 


at the April, 1922, meeting of Pittsburgh Section 1 W. Ss 
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foreman, Pennsylvania Railroad, Columbus. ©} 
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ers; they are able and do do all kinds of autogenous welding. They 
are men who started at the bottom and were retained because of 
their ability and interest in welding. They have become proficient 
in all phases of electric arc welding and oxy-acetylene welding. 
They are welding operators, which is and should be recognized as a 
trade in itself; a trade in which a man should receive instructions 
and serve an apprenticeship, just as a boilermaker, blacksmith, ma- 
chinist or any other craftsman. Just because a man is any one of 
these craftsmen, is far from being an intelligent or rational reason 
why that man should be called a welder, given the welder’s rate of 
pay and set to work. This is one of the chief reasons why to-day we 
have so much inferior work for which electric are welding is being 
condemned. It should be the incapable operator and not the method 
that should be condemned. 

Your craftsman may become a welder operator after he has re- 
ceived instructions and served his apprenticeship (if he has the 
ability), and he may be able to master all phases of electric are 
welding and oxy-acetylene welding, such as firebox, boiler, machin- 
ery and equipment work, in the round house, back shop, yard or 
road. However, he will not acquire that ability in its entirety in six 
(6) days, six (6) weeks, or six (6) months. It takes perserverance, 
endeavor, and actual experience, and lots of it, to make a thorough- 
ly reliable welder operator. They are not made over night. 

We employ both the carbon and metallic arc process and find very 
large and ever increasing field for both methods. The figures will 
give a slight idea of a few of our different operations. 

Figure (No. 1) shows a cross section of a crosshead guide which, 
was built up so as to finish *% of.an inch higher than the worn sur- 


face. This was done Sy making two runs of metal with the carbon 
arc. You will note the very uniform change of structure and heat 
penetration caused by the two runs of the arc in the original metal 
adjacent to the weld. 

The scleroscopic test for hardness showed the welded metal to be 
much softer than the original steel which has a carbon content of 
about .55, while the filler rod conformed to the American Welding 
Society’s specifications and contained .18 carbon. I have been 
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pretty well convinced by these and other tests that an electrode 
should be used in most cases with a chemical analysis that will give 
you in the weld metal an analysis similar to that of the original 
metal. 

Fig. (No. 2) shows a similar cross section as the previous slide. 
This was welded by the metallic arc process. Note the uneven line of 
penetration and the more pronounced and varied change in struc- 
ture of the original steel. I might add for the information of those 
unfamiliar with the two methods that the cost of labor per inch is 
less than four (4) mills in the case of the carbon arc as against 
eighteen (18) mills in the metallic arc, or your metallic arc in this 
case costs four and one-half (41) times as much as the carbon. If 
only one-fourth (14) of an inch of finished metal is desired the dif- 
ference will be only about 3 to 1. 

With the carbon are we use a *» in. rod and in the metallic are 
a 3/16 in. or 4 in. rod. 

Fig. (No. 3) shows how easily electric arc welding can be and is 
condemned. It shows a crosshead that came into our round house 
after its run. You can see just what I found. You will notice that in 
the repairing of this job that the fracture was not followed to its 
end, but had been “Veed” out and welded where no fracture existed. 
About six (6) months later I traced this case down and found that 
an engine house foreman had ordered the crack partly Veed out, 
welded up and sent out. It got as far as the first inspection point 
after it left the point where the repairs were made. I then took 
the acetylene cutting torch and cut out a piece of one (1) inch 
wide each side of the weld. Fig. (No. 4) will show you what I 
found. You will note that the fracture had been Veed out just 1.3 
the thickness of the casting, welded over and sent out. It is simply 
suicide to put out such work, you must Vee out the crack entirely 
and clear through. If your original casting broke in service what do 
you expect out of a repair such as this? The original casting at this 
point when cut with the acetvlene showed a very porous and badly 
oxidized metal. Even had the original crack been Veed out properly 
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and welded carefully it would have failed as you will note a small 
crack which extended from the inside, where it would not have been 
found. Here then would have been an opportunity to condemn 
electric arc welding and failure might be attributed to locked up 
stresses. I might add that this crosshead had seen considerable 
service as the crosshead pin hole had been filled in by the metallic 
are process and rebored and this is never done until after numerous 
machining has increased the diameter of the hole to the limit. 

Fig (No. 5) shows the same crosshead after being welded by the 
sarbon arc process. 

During the war when supplies were scarce, most any material 
that could be obtained was used in electric are welding and I believe 
from the appearance of some of our work to-day, this condition 
is still permitted to exist at some places. This should not be toler- 
ated for proper and suitable electrodes and materials go a long ways 
toward producing satisfactory results. 

Fig. (No. 6) shows the truth of this statement in the matter of 
suitable electrodes for carbon arc welding. Electrodes one and two 
are 5 in. in diameter; both were placed in the holder jaw to extend 
through four inches; both were used constantly for 20 minutes un- 
der same voltage, amperage, and other conditions. No. 1 is a car- 
bon and No. 2 a graphite electrode. The carbon decreased in length 
1% in. and in diameter to 14, in. and burnt off the holder jaw as you 
will note, while No. 2, which is graphite decreased in length 11% in. 
with a gradual taper and the holder jaw was not affected in the 
least. No. 3 is a *4 carbon, somewhat denser than No. 1 carbon. 
This lasted just 15 minutes (under same conditions as Nos. 1 and 
2), when it dropped through the holder jaw having decreased 1% in. 
in length, also in diameter and burned out the jaws as you will note. 
A graphite electrode will carry your current in a straight even 
flowing are with practically no whipping or spluttering of the flame, 
while a carbon electrode is unstable, will whip and twist and give 
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a constant spluttering and squealing arc. Graphite electrodes keeps 
your welder operators amiable and contented and pays big divi- 
dends in the amount of work accomplished and the amount of elec- 
trodes and holder jaws saved to say nothing of the superior quality 
and even flow of metal. 


We will now pass on to the metallic are process as we use it in 
firebox work. Every welder operator considers himself your best 
welder, but an efficient supervisor knows his men and uses them ac- 
cording to their ability. When so much depends on a sound and 
thorough weld as in firebox work, employ only your highest trained 
men, men that have proven themselves by the actual result of their 
test stubs and whose ability is known beyond a doubt. Here perhaps 


more forcibly than in any other work, except flues, comes up the 
question of proper preparation before welding. 

Fig. (No. 7) gives a view of the fire side of two (2) firebox side 
sheet seam welds, both beveled to a 45 deg. angle, one with a '% in. 
the other with a %% in. opening between the two sheets. Both ap- 
pear on the face or outward appearance to be very successful welds. 
But electric arc welds like men are not always what they appear out- 
wardly. Note the uniformity of the welded metal in these two (2) 
specimens. 
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The result obtained in the two specimens can be seen from Fig. 
No. 8 which is a cross section view of these same specimens. No- 
tice how the metal from the electrode is forced through the !% in. 
opening and how it forms both corners of the “V” into a seam re- 
sembling a rivet head, also note the small amount of metal that is 
required to fill the “V” and properly finish the seam. This is the 
ideal prepared seam as it requires a minimum amount of electrode 
or added metal, and a minimum amount of heat which is of great 
importance in all firebox work. While the *% in. opening as you see 
requires an excessive amount of welded material, and therefore, ex- 
cessive heat. In the %% in. opening or even 1 in. opening you can- 
not unite the two sheets with one run of vour electrode as in the 
1% in. opening, but must first make two or more runs on your lower 
sheet in order to make the opening small enough to unite the two 
sheets. The side and door sheets being of from 5/16 in. to 4 in. 
steel gives you a very narrow surface on which to build up, with 
the result that your inside corner is melted off and your metal after 
the first run will be very hard to control and as you are not able to 
see the back side, you get results similar to the above. 


Fig. 10 


Fig. (No. 9) is an enlarged view of electrically welded side sheet 
seams with 45 deg. bevel and a '4 in. opening. Note the rivet head 
effect of the seam and the line of heat penetration or change in 
structure of the parent metal. 

Fig. (No. 10) is a *4 side sheet the seam of which is being elec- 
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trically welded. You can readily see the process of the two runs of 
the electrode, which completely finishes the seam. With a 45 deg. 
bevel in the two (2) sheets with a !% in. opening, the welder is able 
to completely unite the two sheets and fill in about one-half of the 
“Vv” with the first run of the electrode. Care must be taken not to 
proceed too rapidly so as to avoid an excessive amount of heat in the 
two sheets. Proceed slowly and weld thoroughly with your first run 
and you will never have one of these seams crack for you. The iron 
oxide (that has formed) should be completely brushed away with 
a wire hand brush, using a hand hammer and chisel to remove any 
slag that has been formed on the edge of the “V.” The second run 
of the electrode should completely fill the remainder of the “V” rein- 
forcing the weld about 1/16 of an inch and extending beyond the 
two edges of the “V” about 4 in. 


Prepare your seams in a straight line, but in door collars and 
all patches, studiously avoid square corners. Fig. (No. 11) illus- 
trates a side sheet patch. Fig. (No. 12) shows the practice in weld- 
ing in a door hole collar. 

No electric arc weld is as strong as the original sheet for the 
simple reason that the metal deposited through the are is neces- 
sarily a cast metal, while your sheets are forged or rolled steel. 
Therefore, the more thorough your preparatior of the sheets and 
the less welded material in your seams, the stronger your finished 
job. Use a 14 or 5/32 electrode, with the chemical properties about 
as follows: 


0.18 
Sulphur and phosphorus ................... 0.05 


Electric are welding gives a stronger seam than riveting and 
there is never any future work necessary, such as caulking. Your 
riveted seams give about 60 per cent of the strength of the origi- 
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nal steel, while I have gotten as much as 96 per cent in an electric 
are weld. 

I have a test report here that | want to give you just to show what 
results are possible in metallic electrode welding. These tests cou- 
pons were welded under the same conditions as I have described in 
the firebox, seam welded and are the results obtained by three of my 
welders. 


Specimen Elongation Load Pounds Efficiency 
in 2 in. per sq. inch 
l 6.5% 42,700 
2 8.5% 52,800 
3 5.0% 47,600 
Avg. (above) 6.7% 47,700 86.7% 
Avg. (3 others) 7.06; 51,400 93.5% 
4 8.00, 51,900 
5 8.0% 53,300 
6 7.0% 51,400 
Avg. (above) T.79% 52,200 94.6% 


The original tensile strength was 55,000 per square inch. 

These coupons were '% in. boiler steel which, were shaped smooth 
before testing, leaving no welding reinforcement. 

These tests were made at the Ohio State University by Professor 
D. J. Demerest, Professor of Mines and Metallurgy. 

Now the next question in your mind, no doubt, is what is the cost 
in comparison with a riveted seam. I will say in so far as I have in- 
vestigated, that to rivet in-these seams (labor and material) it wil! 
run from 90c to $1.25 per lineal foot, while with the metallic elec- 
trode these seams, electric energy at 3c per k. w. hour (140 
amperes at 92 volts or 22 volts across the arc), will cost per foot, 
.09c, 5/32 electrodes at 7.5¢ per lb; per foot, .05c, 25 min. time for 
welder operator (a) 50c per hour; per foot, .21c, making the entire 
cost per lineal foot 35 cents. 


The question of proper procedure and method of flue welding is 
an open one and perhaps some of you may differ with me on the 
subject. I am not prepared to say that the method we pursue is 
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best, but am simply going to give you a few facts as I have found 
them. 

First, last and always, I am talking and insisting on proper prep- 
aration before welding any job, and in flue welding cleanliness and 
proper preparation are the first considerations. If your flue sheet is 
a new one, sand blasting thoroughly will give you a clean sheet, if an 
old sheet and one that has been welded before, the previous weld 
must be chipped clean from the sheet. Place your copper ferrules 
so that after rolling them in place they will set back from the fire- 
side of the sheet about 1/16 of an inch. This will leave your copper 
back far enough so that when the flue is expanded and beaded down 
the copper ferrule will not interfere with your weld. Set your flues 
in the usual manner, leaving the small flues extend through the back 
flue sheet about 3/16 of an inch and the superheater flues 14 of an 
inch. 

The boiler is then given the regular hydrostatic test and all leak- 
ing flues tightened for if your flues are not tight in the sheet before 
welding, they will not be after. Keep oil and grease off the flue 
bead and sheet. Now sand blast your flues and sheet clean of ali 
dirt and scale, bead down your flues tight against the sheet, or your 


beads will burn off in welding, fill your boilers with water and you 
are ready to weld. 

Start at the top of the sheet and progress downward, starting 
each flue at the bottom, progressing first up one side, then the other, 
meeting at the top of the flue. Weld first to your flue sheet out 
from the flue bead the thickness of your welding wire or 5/32 of 
an inch, then by a weaving movement weld to the crown of your 
flue, bead back and forth until vou have completed the flue. This 
will give you a strong weld on the sheet and enough meta! on the 
flue beads to protect them. 

Fig. 13 shows you a 2-inch flue, welded with Ys inch electrodes, 
using 140 amperes and 21 volts across the arc. In this case the cop- 
per ferrule was properly set so as not to interfere with the weld- 
ing. The flue beaded down tight against the sheet. No oil or grease 
was used on the flue sheet and the sheet was cleaned with the sand 
blast. The boiler was then filled with water and welded. This 
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flue was then sawed horizontally and the strip of flue bent back and 
forth and finally broken off by a hand hammer and chisel. Notice 
how smooth and uniform the weld is applied in this case. 

Fig. (No. 14) welded under the same conditions as the previ- 
ous flue, excepting no water was used in the boiler. There was no 
oil or grease on the sheet or flue and copper ferrule so placed as not 
to enter into the weld. Note the clean metal shown when this flue 
was broken down and the perfect penetration and fusion of the 
weld. These two flues were each welded by a different operator. 

Fig. (No. 15) shows a flue that had been set just the same as the 
preceding two (no oil or grease used, sand blasted clean, copper fer- 
rule placed as in the other two). The amperage, however, was 170 
with the voltage across the arc at about 26. When this flue was 
sawed horizontally and bent back the whole weld popped off the 
sheet. 

You can readily see by the pocked and cinder appearance just 
what took place in this case. The welder operator who did this work 
also welded the first flue shown above. 

Fig. 16 shows a result quite different from the preceding slides, 
and shows very convincingly the necessity of cleanliness and proper 
preparation. In this flue the copper ferrule was placed in the sheet 
and allowed to come flush on the firebox side with the result that 
when the ferrule was rolled tight and the flue set and beaded down 
the copper protruded out under the bead. Oil was used freely on 
sheet and flue bead. You can readily see how this copper ferrule ex- 
tended out under the flue bead and how it was burned out by the 
metallic electrode. 

Note the porous and slag like appearance of the metal. This 
condition is caused by the burning of the copper and oil by the 
steel electrode, which forms a copper monoxide gas. This gas be- 
ing densest at its source, which is the flue bead and sheet prevents 
the molten metal from the electrode from properly fusing with the 
parent metal, and the entrapped vapors in liberating itself forms 
the slag like porous structure that you see. 

Fig. 17 shows the result of the same preparation as the previ- 
ous one. Note the appearance of the welded metal, also the uneven 
application of the metal, how it has splashed and run down. With a 
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clean properly prepared flue job your welder is able to apply the 
weld in a uniform manner, progressing rapidly and thoroughly as 
the metal penetrates or dives in and is readily controlled. While in 
an oil soaked and dirty sheet or one with the copper ferrules inter- 
fering your metal has not that snap, that clean fusion or penetra- 
tion. You cannot progress with regularity as your arc is unstable 
and the metal backs up on the electrode and runs down on the 
sheet. 


Fig. 18 shows a cross section view. Notice how the copper fer- 
rule is placed in these two flues. One placed 1/16 back from the fire 
side of the sheet with the result that we have perfect penetration 
and a clean weld. While in the other the copper ferrule was al- 
lowed to extend out under the bead with the result as you see it 
here, poor penetration, porous metal, and an excessive amount as 
in welding under these conditions, your metal backs up and runs 
out. 

Fig. 19 gives a view of a flue sheet in which all the flues have been 
electrically welded. The cross denotes the center of the sheet and 
divides it into four parts, each welded by a different operator. Note 
the smooth and uniform welds. 

In welding in flues with the metallic arc process the cost per flue 
‘is as follows: 


$.017 
025 
Metallic electrode material ................. .009 

$.051 


In closing let me urge that we all, welding engineers, supervisors, 
and welder operators, do our utmost and be ever alert to eliminate 
the abuses that are liable to occur in electric arc welding; for the 
more perfect our results the greater the demand for our work. We 
know that no other method of new or repair work, within its limi- 
tations can be done as economically as by electric are welding. 
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THE IMPORTANCE OF MANAGERIAL UNDERSTAND. 
ING OF WELDING* 


G. O. CARTER + 


A long study of welding problems all over the country indicates 
that the advantages of welding are appreciated but that it is not 
used to anything like the extent that it should be. 

Naturally this is because those in position to specify welding do 
not do so, and it is up to us to get them to do it. 

The first step toward converting those who should be using the 
process would seem to be the supplying of information as to where 
welding has been of advantage in similar lines. This is necessary 
to give the background of experience to those who do not like to 
depend on personal judgment. 

The second step is to convince potential users that welding as 
represented by trustworthy advocates of the process is dependable. 

Good welds make brolen castings better than when they were 
new. Also, a better joint between two pieces of rolled stee! can be 
made by welding than by any other means. 

One of the most difficult problems in engineering has been suc- 
cessfully solved by welding pipe end to end. Where oil and natural 
gas pipe lines cross rivers which are subject to freshlets it has 
been almost impossible to keep the screw joint pipes from pulling 
apart. Extra heavy pipe with specially heavy ends has been tried 
dozens of times. The lines have been anchored with river anchors 
at every joint and a great amount of “slack” has been put into the 
lines, but still they would be ripped out. 

Under such conditions every possible method of handling the 
problem is sure to be tried by the operators, so, of course, welding 
has been tried. And the oxy-acetylene welded joints have given 
wonderful satisfaction. 

Recently constructed pipe lines across the Red River, Canadian 
River, Brazos River, and other streams in Kansas, Oklahoma and 
Texas, were made by welding, and most of the old ones have been 
relaid with welded joints. 

In West Virginia and Ohio the crossings of the Ohio, the Kana- 
wah, the Licking and various other rivers, are oxy-acetylene welded. 
In short, the welded joint is in general use for a purpose where the 
best joint is essential. 

Can any of us think of a more severe test than the carrving of 
seven hundred pounds pressure while a rising river is scouring out 
its bed and leaving the pipe unsupported for a hundred feet at a 
stretch with a swirling current racking the line? A straight steam 
line or a water line certainly doesn’t meet any such severe condi- 
tions. 


*Presented at the June, 1922 meeting, Philadelphia Section, A. W. S. 
tConsulting Engineer, Linde Air Products Co 
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Expense isn’t a consideration here, but it is a fact that the welded 
joint is the cheapest joint known, and is only a fifth as expensive as 
the Van Stone flanged joint. It would, therefore, seem that the 
welded joint should be in much more general use, and it will be. 

Probably the greatest deterrent to welding of steam pipes has 
been the difficulty of inspection to assure good welding. This phase 
of things has been under study of a committee of the A. S. M. E. 
for several years. The opinion of welding students, of purchasers 
of welded installations, and of the fabricators, is that a combination 
of water pressure and an impact from a hammer or sledge will 
thoroughly try out welded joints. 

When one who is using a 300-pound steam line knows that the 
line was tested at 1,000 pounds cold water pressure, and that every 
joint was repeatedly hammered, he is not going to worry about 
that line, nor should he ever have trouble with it. Many years of 
this kind of testing have shown it to be unqualifiedly satisfactory. 

The engineer of a company that was considering putting in a 
large pipe line recently asked for data as to where companies which 
had welded one pipe line followed it up by welding others. Inquiry 
brought out that one of the oldest pipe welding jobs in the United 
States is a line from Philadelphia to Chester. This was put in dur- 
ing 1910, which dates it back to within three years of the beginning 
of the oxy-acetylene welding industry. 

The important thing for us is not that this 1910 line was welded 
into place, but that the same company about a year ago welded a 
big suburban line from Philadelphia to Norristown. 

On the West Coast the Pacific Gas & Electric Co., with a system 
of over 3000 miles of pipe line, started welding in 1913, putting in 
a very extensive system to serve the Panama Pacific Exposition 
grounds at San Francisco. Welding has been used steadily since 
then, and we have recently learned that at least 100,000 ft. of 16- 
in. pipe will be welded together this year. 

Philadelphia has seen other interesting pipe welding jobs. Within 
the past vear a big steam main was welded right along one of the 
principal streets, so the process mav be said to be right at our eibow. 

So much for the quality of welding situation. 

The next problem is for us to convince prospective users that 
welding as done by a given welding firm is right. 

Every one of us knows that welded work has often failed, due to 
poor welding or lack of mechanical knowledge on the part of the 
welder. This being common knowledge, each welding firm has 
to convince those interested in welding possibilities that good work 
will be done. 

It seems to me that we should be giving our attention to this 
phase of our industry quite as much as to technical problems, such 
for example as determining the strength of a test bar, or devising 
the best ways of. doing a given difficult job. 

If each manager of welders used check methods to prove the 
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workmanship of his welders, insisted on preheating and annealing 
as a part of the welding of castings, provided only the best filling 
materials, and used severe tests on all finished work, the industry 
would command the respect of all users. 

This kind of thing costs money, and the user of welding must be 
educated to pay for the right kind of service. There are concerns 
in Philadelphia, and in most big centers, which do all that is needed 
to uphold welding, but they do not let their fellow town’s man know 
what they are doing. It is up to them to prove that welding as 
they do it is the real thing. 


MATCHING THE WIRE WITH THE WORK 


E. WANAMAKER* 


Many tests tend to confirm what has been the general belief that 
the metal passing from the end of the electrode into the weld is in 
a highly molten state, with a generous proportion of it in a gaseous 
state and, therefore, extremely susceptible to, atmospherit effects, 
even though the time of exposure to the atmosphere in this’ state 
be of short duration. By the use of such coated electrodes as are 
used on the Rock Island Lines (and which it might be well to say, 
were only developed after years of experience and patient research, 
laboratory and service tests), we were able, to a large degree, to 
greatly minimize this damaging effect. By such protection of the 
metal in fusion, not only has it been possible to protect the iron and 
low carbon steel materials, but to go further and protect many of 
the various alloys, the use of which is extremely desirable to meet 
certain conditions, such alloys as nickel, vanadium, managanese and 
others. 

Electrodes to have any real value must be very carefully pro- 
duced to meet the necessarily exacting specifications which in turn 
were only possible as a result of the combined prolonged efforts of 
those engaged in scientific research, development and application. 

To produce such electrodes some expense is incurred over and 
above the production of mere wire, but in this and in no other way 
is it possible to produce an electrode of the proper composition and 
with the proper welding characteristics to meet the various require- 
ments. A comparison of high-grade electrode costs with cost per 
pound of high grade steel] castings, etc. (long ago deemed necessary ) 
‘auses one to marvel at the low cost of good electrode material. It 
would seem reasonable to believe that we could no more secure 
good electric arc welds with poor or unsuitable welding material 


than we could expect to build machinery or structures out or poor 
or unsuitable material. 


*Electrical Engineer, Chicago, Rock Island & Pacifi 


Railroad. 
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The necessity for welding materials of different composition to 
make possible productions of welds of various characteristics as 
desired to meet the service requirements, has been recognized for 
some time in oxy-acetylene welding. Yet there are many users of 
electric arc welding who endeavor to apply welding to different 
metals, each of a different analysis, using only one grade of elec- 
trode material. This should not be construed to mean that the 
composition of the welding electrode should in all cases be the 
same as the base metal. As stated above, the service requirements 
will determine the character of the weld metal desired. 

For example, cast iron electrodes have recently been used to build 
up worn chafing cast steel castings between engine and tender of 
locomotive. The cast iron was simply deposited on the steel cast- 
ing and allowed to cool normally, the rate of cooling being sufficient- 
ly quick to effect the formation of white cast iron, which is extreme- 
ly hard, but especially suited for the service mentioned. 

Exampies of welding applications where the use of an electrode 
of an analysis or character approximately that of the base material 
has been found desirable or necessary to the success of the opera- 
tion, are those of welding vanadium steel locomotive frames, where 
vanadium steel electrode material is used; or in the case of building 
up worn steel car wheel flanges where the wheel was slightly pre- 
heated and the flange built up with a high carbon steel material. 
In each case the weld metal is of similar character to the part weld- 
ed, and likewise the service obtained is similar to that of the origina! 
part. 

The desirability of electrode materials to better facilitate elec- 
tric arc welding of the different metals and to meet the diversified 
service requirement in repair and construction work, is recognized 
by many, but the fact remains that the use of such materials is not 
generally practiced and in many cases where their use would have 
done much to give electric arc welding the standing to which the 
process is entitled. 
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To the Welding Industry: 

We are submitting herewith a report from the Resistance Weld- 
ing Committee dealing with nomenclature of terms used in resist- 
ance welding. In the past much confusion has resulted because of 
the lack of such standardization, as in many cases the same terms 
used by different people referred to totally different things. We 
trust that the welding industry will accept and use these terms 
in order that they may become universally recognized. 

We realize, however, that the first issue of any Standards or 
Definitions of Nomenclature is likely to be imperfect and hope that 
all those interested will feel free to offer any criticisms or sugges- 
tions. C. A. ADAMS, 

Director American Bureau of Welding. 


NOMENCLATURE REPORT* 
Electric Resistance Welding 
A. Butt Welding. 
Butt Welding is the process of uniting rods, bars, etc., 
transverse to the length of the pieces or its equivalent. 
There are three methods of producing a butt weld that are in 
common use. 

1. Flash Weld. This name is given to a butt weld made 
quickly starting with light contact pressure followed by a 
period of sparking with no pressure applied, and finished 
with heavy pressure, and by the use of enough heat to melt 
a portion of the metal, part of which is thrown out in the 
form of a burr. 

2. Upset Weld. This name is given to a butt weld made with 
only enough heat to bring the pieces to a welding tempera- 
ture and executed slowly with considerable pressure pro- 
ducing an upset at the joint. 

3. Automatic Butt Weld. This name is given to a butt weld 
made quickly, using high continuous contact pressure and 
heavy current, the current being cut off by movement of 
electrode or other means of control. Sometimes called 
Pressure Contact Weld. 

The following terms are used to describe variations of 
Butt Welding: 

(a) Jump Weld. When rods, tubes, strips, etc., of small 
cross-section are welded at right angles to a relatively 
larger surface by using a high secondary voltage, and 
weld is made instantaneously, the weld is called a Jump 
Weld. 


*Prepared by the Resistance Welding Committee of the American Bureau of Welding 
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b) T. Weld. When flat strips, bars, etc., are welded at right 
angles in form of a T, the weld so made is called a T 
Weld. Sometimes a portion of one piece is preheated 
by the welding current prior to welding. 


(c) Angle Weld. When pieces are welded at an angle, the 


B. Spot 


weld is termed an Angle Weld. 
Welding. 
Spot Welding is the process of welding sheets, strips, etc., 


in spots by bringing together and heating relatively small 
sections of the sheets between copper or other suitable elec- 
trode points under pressure. 

Automatic Spot Weld. 


This name is given to a spot weld made on a welder which 


applies the pressure, makes and breaks the circuit all auto- 
matically. 


1. 


The following terms are used to describe different varia- 
tions of Spot Welding: 
Lap Spot Weld. When sheets or pieces are overlapped and 
spot welded, the weld is called a Lap Spot Weld. 


2. Bridge Weld. When sheets, pieces, etc., are placed edge 
to edge without overlapping and then joined by spot weld- 
ing discs or strips across the joint, the weld is termed a 
Bridge Weld. Sometimes called a Tie Weld. 

5. Button Weld. When small buttons are used between the 
pieces to be welded as a means to localize the heat, the 
weld is termed a Button Weld. 

4. Dise Depression Weld. When an annular groove is cut in 
one of the sheets forming a disc to localize the heat. the 
weld is called a Disc Depression Weld. 

5. Point Weld. When points or projections are provided to 
localize the heat, the weld is termed a Point Weld. Also 
called a Projection Weld. 

6. Multiple Point Weld. When two or more points are pro- 
vided, and e'ectrede is large enough to cover them, thi 
weld is called a Multiple Point Weld. 

7. Multiple Electrode Weld. When several electrode points 
are operated simultaneously, the weld so made is called a 
Multiple Electrode Weld. 

8. Ridge Weld. When ridges are provided and weld is made 
by crossing these ridges, thus localizing the heat at points, 
the weld is termed a Ridge Weld. 

9. T Snot Weld. When pieces are welded in form of T by 
holding one piece in hollow electrode and spot welding it 
to the other, the weld is called a T Spot Weld. 

10. Duplex Spot Weld. When two transformers are used sim- 


ultaneously on opposite sides of the sheets to be welded 
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and their currents pass through two secondaries, welding 
two spots simultaneously, the weld is called a Duplex Spot 
Weld. 


Mash Welding. 


Mash Welding is the process of welding rods, wires, 
strips, etc., by crossing or overlapping the pieces and 
welding between relatively large electrode surfaces under 
pressure. 


Seam Welding. 


bo 


Seam Welding is the process of joining together metal 
sheets or plates in a continuous seam or line, the weld be- 
ing accomplished continuously or progressively. 

Seam Welding may be of the following types: 

Butt Seam Weld. When the pieces meet edge to edge and 
are progressively butt welded, the weld is termed a Butt 
Seam Weld. Usually two rollers of copper supply the cur- 
rent. 

Lap Seam Weld. When the seam weld is made in the form 
of a lap joint, the weld is called a Lap Seam Weld. Cur- 
rent may be supplied by two rollers or one roller and one 
stationary contact. 

Bridge Seam Weld. When edges are butted together and 
a strip or sheet is welded over this joint, the weld is called 
a Bridge Seam Weld. 


Percussive Welding. 


Electropercussive welding is a process of welding elec- 
trically separated metal parts by means of a sudden dis- 
charge of electrical energy at the junction in an are which 
is extinguished by a percussive blow applied simultane- 
ously or immediately following. 

1. Electrostatic Weld. 

When the discharge of a condenser is used to supply 

the arc energy the weld is termed an electrostatic weld. 
2. Electromagnetic Weld. 

When the stored energy in a magnetic field is trans- 

formed to electrical energy by collapse of the field to 

supply the are energy, the weld is termed an Electro- 

magnetic Weld. 

Respectfully submitted, 
*H. Lemp, Chairman Resistance Welding Committee 
*M. THomson, Chairman, Sub-Committee on Nomenclature 

W. Bates, 
F. Collins, 
E. Chamberlin, 
F. deForest, 
. E. Hackett, 
J. Henke, 
H. L. McCreery, 
D. F. Miner, 
W. S. Moodey, 
Jos. A. Osborne. 
W. Remington, 


Ww. H Tobey, 
S. Hammack. 


*Members, Sub-Committee on Nomenclature. 
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PRESENT STATE OF THE ART OF RESISTANCE WELDING 


There is given below the first of a series of papers that are being pre- 
pared under the auspices of the Resistance Welding Committee of the American 
Bureau of Welding to set forth the present state of the art and knowledge of 
resistance welding. This summary will serve the two-fold purpose of giving 
the industry a concise statement of the best existing information and enabling 
the committee to draw up a careful program of needed research. 


Review of Electro-Pereussive Welding* 
D. F. MINER 


Definition 

Electropercussive welding is a process of welding in which the 
heating energy is applied at an extremely rapid rate simultaneously 
with or followed by a percussive forge of the molten surfaces. The 
process owes its properties to the unusually high rate of energy dis- 
sipation and the forging operation following in a small fraction of 
a second. 

History 

The principles of electropercussive welding were discovered by 
L. M. Chubb of the Westinghouse Electric and Manufacturing 
Company, about 1905 during some experiments with aluminum 
trays for electrolytic lightning arresters. It was found that if two 
wires connected to a charged condenser were rapidly brought to- 
gether, they would be fused at first contact. The momentum would 
cause the molten ends to weld and produce a burr or upset portion. 
These experiments led to investigation of the characteristics of 
such welds with various materials. The properties found were so 
remarkable that machines were soon developed for welding wires 
for special applications, such as leads for incandescent lamps and 
rectifier bulbs, and for welding copper terminals to aluminum coils 
and manufacture of thermocouples. With these early machines, 
very satisfactory welds were made between similar or unlike 
metals. These welds developed full strength of the material, per- 
mitting rolling or drawing without failure. Combinations of 
metals with widely differing physical characteristics such as plat- 
inum to lead, tungsten to aluminum, and aluminum to copper were 
successful. Microphotographic study of such welds confirmed the 
mechanical tests. Within the last few years, as a result of limita- 
tions of the electrostatic energy scheme, modifications of the proc- 
ess were introduced using stored electromagnetic energy. This 
change enlarged the field of application considerably and removed 
the limitation of dimensions of welded area. Recently other 
sources of energy such as a storage battery and generator with 
great inertia have been successfully used. The proper field of ap- 


*In view of the fact that the Westinghouse Electric & Mfe. Co. is the only con- 
cern which is selling this type of equipment, this report is presented as a paper by 
Mr. D. F. Miner of that company, rather than as a report of the Resistance Welding 
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plication for the various types of energy supply used is now under 
investigation. 
Characteristics and Advantages 

Percussive welding possesses features which relate to are 
welding, and to resistance welding of the butt type. Although the 
heat occurs in an arc between parts to be welded, probably the most 
satisfactory classification is under Resistance Welding. In are 
welding the joint is formed by deposition of molten metal from an 
external supply, whereas in resistance welding, material from the 
parts to be welded becomes molten by passage of current and joins 
the two parts together. 

With respect to nature of objects capable of being electro-per- 
cussively welded, the process will probably be limited to joining the 
parts which are not electrically connected before welding. Welding 
of a ring or object which offers an electric path parallel to the weld 
presents difficulties which are not practicable to overcome at pres- 
ent. The weld should be the only path possible for the discharged 
energy. 

Some of the advantages claimed as characteristic of electro- 
percussive welding are: 

(a) Energy Saved. As compared with butt-welding by ordi- 
nary means, the energy used in percussive welding is at the most 
only one quarter as great. In production of large pieces in quantity 
this amount translated into generating equipment and losses repre- 
sents a great saving. 

(b) Time Saved. The time occupied by the cycle of welding 
operations is negligible. Speed of production is then determined 
chiefly by methods of handling pieces. Automatic and semi-auto- 
matic devices in connection with the process permit a very great 
speed of production. 

(c) Welds of Unequal Sections. The extremely short duration 
of the fusing are in the percussive process allows no chance for the 
heat to travel back into the metal. The necessary energy is concen- 
trated in a very small amount of material, utilized where needed, 
and not dissipated in heating up the rest of the stock. Consequently 
welds of unequal section are possible, such as a rod of small cross- 
section to a heavy plate or tubing to solid stock. No preparation of 
the surfaces or previous treatment is necessary. Preheating of the 
larger section or special forming of projections is eliminated. 

(d) Welds of Unlike Metals. A wide variety of combinations of 
metals or the same metal in different states can be welded satis- 
factorily. Welds which are impossible for any other process are 
successfully accomplished by percussive welding. Because of the 
short time of welding, change of state of metals is avoided. Tem- 
per of the body of steel tools is retained and crystal growth in fer- 
rous materials does not have time to take place. 

(e) Uniformity. The energy discharge is determined by the set- 
ting of the machine and circuits. Thereafter a remarkable uni- 
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formity of product is assured with relatively unskilled labor. Judg- 
ment as to temperature, time or pressure needs to be exercised only 
for the first set-up. 

(f) Finishing. The fin or burr can be controlled and in all cases 
is less than with other processes so that finishing time and labor 
are reduced. 

Classes of Machines 

A. Condenser Type of Welder. 

The earlier machines developed utilized the discharge of an 
electrolytic condenser to fuse the wires. A diagrammatic arrange- 
ment of the circuits is shown in Figure 1. Direct current from a 
suitable source, such as a small generator was applied through a 
charging and limiting resistance R, to the condenser C. The charge 
was varied by voltage control. 

The discharge circuit of the condenser consisted of a low re- 
actance L, the wires to be welded and a short-circuiting switch. 
The chucks for hclding the pieces were arranged in a vertical po- 
sition so as to allow the upper one, held in a weighted head to fall, 
actuated by gravity, to produce the percussive action. The wires 
were prepared with sharpened ends to concentrate the energy and 
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promote rapid fusion. As the head continued to fall, these points 
melted and spread out. 

The variable elements of the apparatus were height from which 
weighted head dropped, voltage on condenser and delaying react- 
ance. Hard metals require more forging energy and usually more 
heat energy. The latter was furnished by raising the condenser 
voltage. As the rate of impact is increased, the delaying reactance 
must be decreased to allow quicker fusion. 

Since the earlier models, improvements were designed to obtain 
more convenient chucking arrangements, reduction in bulk of the 
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electrolytic condenser, and substitution of springs for gravity ac- 
tuation. 
Electromagnetic Type 

The electrostatic method is limited in size to pieces coming un- 
der the classification of wire. For large cross-section the electro- 
magnetic type is more suitable. Practically simultaneous discharge 
of electrical energy and percussive engagement are also used in this 
later type of machine but stored electro-magnetic energy is substi- 
tuted for electrostatic energy. 

Establishment of a strong direct-current field in a reactance coil 
with a primary and secondary winding is followed by rupture of 
the primary current with the secondary circuit closed. Transfer 
of energy of the collapsing field to the secondary ensues and a sub- 
sequent rapid separation of electrodes (the pieces to be welded) in 
this circuit establishes an intense arc until the stored energy is dis- 
sipated. After the arc has sufficiently melted the surfaces, a forg- 
ing blow unites the pieces. 

The total time consumed in these operations is less than 1/10 
second. The mechanism to provide this sequence of events can be 
designed to suit the source of power or conditions of manufacture. 
Mechanical or electrical timing both have been used. Figure 2 
gives a diagrammatic sketch of the circuits of one of the first ex- 
perimental machines and because of separation of parts for study 
and control, is a good illustration of the main features. Here the 


Dd 
Fig. 2. 
ELecTromacnetic Type WELDER 


forging device is represented as a falling hammer. Spring, air, 
and electrically operated hammers have since been used. 
A cycle of operations for this experimental machine is as follows: 
The primary is energized by closing switch D which also causes 
iower electrode Cz to be raised by magnet M. Then operating 
switch O. S. is opened and magnet W.R. de-energized. The hammer 
falls and in its travel trips switch T. S. This releases primary 
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switch P. S., kicking out trip S. T., which then opens the secondary 
circuit at the weld. An arc is thereby established and extinguished 
when the hammer completes its travel with the forging blow. The 
electrical phenomena are illustrated by Figure 3. 
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A specially designed primary switch is necessary to interrupt the 
circuit without energy being lost at the switch. The control to 
perform the necessary timing operations involves a combination 
of electrical and mechanical devices. 


Examples of Electropercussive Welding 
Index to Figures 4, 5, 6, 7. 


1. Aluminum cable joint. Each wire of each end welded to a 
copper wire and the copper wires then joined by standard method 
of soldered joint. 

2. Steel (cold rolled 14 in.) welded to '4 in. copper and pulled 
until chuck gauged metal—load applied, 41,000 lb. per sq. in. 

3. Vw in. steel welded to 14 in. copper. Broken by bending cop- 
per. Break is a copper break—no steel shows. 

4. 14 in. steel welded to 14 in. copper. Failed in tension at load 


, of 37,600 Ib. per sq. in. Broke in copper near weld. 
i 5. lo in. steel welded to 14 in. copper showing character of 
4 break of copper. 


6. l in. steel turned down to %% in. and welded to 14 in. copper 
rod similarly turned down. 1 in. from weld another section of cop- 
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per turned down to *% in. and wrench applied to end. Copper bent 
without weld failing. 


7. 7/16 in. steel-copper weld polished showing clean line of 


weld. 
8. %» in. steel—steel weld bent and hammered in all directions 

all along reduced section until steel broke 114 in. from weld. 

9. Double weld-steel 14 in. to copper 1% in. then cut off and 
re-welded to another copper rod. 

10. 14 in. copper to steel. Bent without failing. 

11. 3% in. steel (cold rolled) weld pulled to failure. Steel 
necked and failed 1 in. from weld at 96,000 lb. per sq. in. 

12. Brass rod 5/16 in. to steel disk 114 in. diameter, 5/32 in. 
thick. Failed in tension, pulling out steel from disk. 
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abs 


13. 14 in. copper rod welded to 114 in. by 5/32 in. steel disk. 

14. 5 16 in. steel rod welded to 11% in. by 5/32 in. steel disk. 
3roken by bending. Force applied at middle of rod. In failing, 
pulled metal out of disk. 

15. Steel wire welded to aluminum wire. 

16. Aluminum-aluminum wire weld. 

17. Steel-copper wire weld. 

18. Copper-aluminum wire weld. 

19. Copper-aluminum wire weld flattened by hammering. 

20. 14 in. copper rod welded to steel disk. Penetration of metal 
and clean line of weld shown. 

21. 14 in. steel rod weided to steel disk and tested in bending with- 
out failure. 
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22. Weld between two sections of copper 5/16 in. diameter. Bent 
at sharp angle so that copper outside weld is cracked. 


23 


. Valve with nickel steel head and cold rolled steel stem bent 


to failure which occurred outside weld. Note unchanged structure 
of steel close to weld. 


24, 


25. 


26. 
27. 


28. 


29. 


T-weld of cold rolled steel. 

Cold rolled steel rod welded te disk and finished. 

Short drill lengthened by welding to cold rolled steel. 

Nickel steel valve head with C. R. S. stem. 

14 in. hollow steel rod welded to steel plate. 

14 in. x 14 in. steel tubing welded and bent back and forth 


until failure occurred outside of weld. 
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(No. 24) bent into loop and rolled to .001 in. thickness. 


provements in design of the component parts and study of proper 
applications for different types are being made. 


30. Vacuum tube lead-in of stranded copper to tungsten. 
31. Special copper-constantan thermocouple made of round wire 
32. Stick-pin (dime to gold pin). 
33. Illustration of turbine blade (bronze) to steel block. 
34, 36. Switch stud blank (copper). 
35. Section of turbine blading. 

Applications 
The electro-percussive process is still under development. Im- 


The process is primarily suited to manufacturing applications, 
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where large quantities of duplicate parts are to be produced. The 
initial outlay for equipment is rather large so that a good volume 
of production is necessary. One size of machine will handle a 
variety of pieces over quite a range of size, but special fixtures 
must be provided for each piece. Thus it will be apparent that re- 
pair work or occasional use would not justify the investment. 
There is unlimited opportunity for development of automatic ma- 
chines utilizing this process. 

The field of application of the different types developed up to 
the present, as determined by experimental and manufacturing ex- 
perience may be outlined as follows: 


Condenser Type 
Small wire products. 
Laboratory products. 
Thermocouples, etc. 
Jewelry. 
Small tools and instruments. 
Vacuum type and lamp parts. 


Electromagnetic Type 
Automobile parts in large number. 
Tool manufacture and reclamation. 
Hardware and cutlery. 
Turbine blading. 
Rail bonds. 
Switches and electrical detail supplies. 
Tubing joints. 


CURRENT WELDING LITERATURE 


Are Welding of Structural Steel. E. S. Humphreys, Jr., Iron Age (May 
25, 1922), Vol. 109, pp. 1422-5. Tests made to determine reliability of welded 
joints and limiting conditions of various types of joints. Comparison of cost 
of welding versus riveting. 

Automatic Seam Welding in Making of Tubes. J. L. Anderson, Canad. 
Machy. (May 4, 1922), Vol. 27, pp. 47-9. 

Best Method of Welding Safe Ends on Tubes. Railway Journal (July, 
1922), Vol. 28, pp. 17-18. Committee reports before Master 
Association. Methods used, cost, speed, results of test. 

Dependability of Cast Iron Welding. G. O. Carter, Acet. Jnl. (May, 1922), 
Vol. 23, pp. 535-8. Preheating and annealing essential. 
of the casting, some results attained commercially. 

Electric Resistance Welding for Connecting Sheets of Ingot Iron. Die 
elektrische Widerstandsschweissung fur die Verbindung von Flusseisenblechen. 
Kautny. Autog. Metallbearb. (April 1, 1922), Vol. 15, pp. 96-8. 

Electric Resistance Welded Rail Joints. E. B. Entwisle, Electric Rail- 
way Journal (June 10, 1922), Vol. 59, pp. 940, 941. Bar and Butt Weld Types 
of Joints. 

Gas-Electric Submarine Torch. R. G. Skerrett, Welding Engineer (June, 
1922), pp. 19-21. Broken siphon pipe burned off by electric arc under 50 feet 
of water. Progress in submerged cutting. 


Boilermakers 
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International Aspect of Welding Canadian Welding Jour- 
nal, W. H. Wood (June, 1922), Vol. , pp. 295-4. Possibilities of autogenous 
welding, benefit to the Rempel eens exe hange of ideas among welding soci- 
eties. 

Importance of Rod Manipulation. D. Baxter, Canadian Welding Journal! 
(May, 1922), Vol. 3, p. 282. Manipulation of welding torch, items of impor- 
tance, using filler rod to advantage 

Knowing Precisely What a Job Is Going to Cost. H. W. Carter, Canadi 
Welding Journal (May, 1922), Voi. 3, pp. 293-4. Satisfying the cuntounen, 
difficulties grouped, overhead expenses, preparation of work, causes of failure, 
yuarantee, correspondence and keeping men busy. 

Lorain Process of Welding Rail Joints. H. F. A. Kleinschmidt, Welding 
Engineer (June, 1922), Vol. 7, pp. 34-5. Resistance method of welding rail 
joints. 

Method of Joining Iron and Steel. D. Richardson, Canadian Weld 
Journal (May, 1922), p. 276. Description of Hyde welding progesses. Hyd 
gen as a flux and important phenomena, utility of process, cost. 

Oxy-Acetylene Welding and Cutting in Railway Shops. Railway Journal 
(July, 1922), Vol. 28, pp. 15-17. Continued from April issue. Oxy-acetylene 
cutting of metals, principles, cutting cast iron, economy and methods 

Possibilities of the Art of Welding in Pipe Construction. F. K. Da 
Heating and Ventilating (April, 1922), Vol. 19, pp. 33-36. Practical uses of 
a welding outfit, repair of gears, uses of cutting torch, making Van Stone 
Joints in the field. Strength of pipe welds. Methods of aligning pipe lin 
prior to welding, cutting of flanges. Importance of using good wire. 

Principles of Oxy-Acetylene Fusion Welding. A. S. Kinsey, Ry. Mech 
Engr. (May, 1922), Vol. 96, pp. 279-81. Serial. Acetylene Gas. 

tepair of Cast Iron Tar Kettle. Canadian Welding Journal (May, 1922), 
p. 275. 

Scientific Side of Welding. E. Atkins, Welding Engineer (June, 1922), 
Vol. 7, pp. 22-28. What the microscope tells about defects in welds, ham 
mered welds. Influences of impure gas. 

Solving Problems of the Welder. Canadian Wel ling Journal (May, 1922 
Vol. 3, p. 279. High quality base metal, two avoidable defects, coating 1 
electrodes, loss of certain elements near the Vee, effect of nitrogen on st 
presence of oxides. 

Thermit Weld Costs Reduced. Electric Railway Journal (June 3, 1922), 
Vol. 59, p. 902. Results of tests on rail joints. 

Welding and Cutting. F. Horner, Engng. Production. 1 (May 18, 1922), 
Vol. 4, pp. 469-73. 

Welding Duralumin—Some Experimental Work and Its Results. H 
Knerr, Automot. Ind. (May 4, 1922), Vol. 46, pp. 964-8. 

Welding, Economic Value of. C. W. Brett, Engng. Production (May 
1922), Vol. 4, pp. 458-9. . 

Welding, ee Defects and Failures. M. Piette, Canad. Mach 
(May 18, 1922), Vol. » pp. 24-25. 

Welding. Things “operators should know when welding iron and ste 
and the procedure followed in the Rock Island shops. E. Wanamaker, Ele 
Rev. and Indust. Engr. (May, 1922), Vol. 80, pp. 218-26, 258-9. 

Welding Radio Towers 150 Feet High — at Peking. H.S. Bear, Engi 
neering News Record (April 20, 1922), Vol. 88, pp. 650, 651. Design of weld: 
joints, advantages. 

Welding and Cutting. F. Horner, Engineering Production (May 18, 1922). 
Vol. 4, pp. 469-73. Serial. Gas welding, the blowpipe, oxy-hydrogen flame, oxy- 
coal gas, liquid fuel, gas purity, high and low pressure systems, acetylene gen- 
eration, precautions, generator with separate gas-holder, small two-chambet 
generator, small and large plants. 

Welding Speed, Increasing. H. R. Pennington, Boiler Maker (May. 1922) 
Vol. 22, p. 129. , 

_ Welds, Use of Metallography in the Examination of Autogeneous. Appli- 
cation de la met allographic a l’examen des soudures autogenes. Ouvrier 
Moderne (April, 1922), Vol. 5, pp. 13-15. 

Welding Underground Steam Mains. Power (July 11, 1922), Vol. 56, 
p. 49. Excerpts from Report of the Underground Construction Committee 
National District Heating Association, Cedar Point, Ohio. Comparison of 
welded vs. riveted joint. Instructions for welding and testing pipes. 
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Technical Bulletins 


These Bulletins are published under the auspices of the 
American Bureau of Welding. The Bureau is a joint advisory 
board of the American Welding Society and the Division of 
Engineering of the National Research Council on welding 
research and standardization. It acts as the Research Depart- 
ment of the Society. 


BULLETIN No. I 
Standards for Testing Welds 
These Standard Tests Comprise 


(a) Shop Standard: A simple standard test for such pur- 
poses as checking the work of a welder, testing a new 
lot of welding wire, and testing the effect of some change 
in conditions. 


(b) Commercial Standard: For cases where more than one 
kind of test should be made but where the circumstances 
do not justify a complete investigation. 


(c) Research Standard: When a complete investigation of 
a weld is to be made for research or other purposes, all 
tests and examinations are made which will contribute any 
information in regard to the characteristics of the weld. 


Price per copy—Members 25 cents, Non-members, 50 
cents. 


BULLETIN No. II. 


Welding Wire Specifications and Folios 


The specifications and folios are based on the data col- 
lected by the Welding Wire Specifications Committee as to 
the chemical analysis of welding wire used for both gas and 
electric welding in railroads, shipyards and other places and 
the service results obtained from the use of such wire. 


Price per copy—Members 25 cents, Non-members 50 cents. 


BULLETIN No. Il 


Standards for Electric Are Welding Apparatus 


These rules provide Standards for use in connection with 
specifications for the purchase, sale and use of Are Welding 
Apparatus. The rules include classification, definition of terms, 
information relative to apparatus to be supplied by the pros- 
pective supplier and by the prospective purchaser, respectively, 
and tests. Price per copy: Members, 15c: Non-Members, 30c. 


— 


The American Welding Society 


The American Welding Society is organized to provide united and 
co-operative action in extending the knowledge of the art of welding 
and its field of industrial application. The field for further application 
of welding is enormous, and progress in it is being delayed only by 
incomplete knowledge and by the confusing and opposing claims of 
competing interests. 


The Society acts as a clearing house for information. Through 
papers and monthly meetings of local sections of the Society an oppor- 
tunity is created for the individual manufacturer, engineer, plant 
superintendent, foreman, operator, etc., to contribute his own know!l- 
edge in welding and at the same time receive the benefit of the combined 
knowledge and experience of all other members of the Society. Special 
publications in addition to the regular monthly proceedings are issued 
from time to time giving results of researches, standardization work 
and other information of value to the members. 


CLASSES OF MEMBERSHIP 


Extracts From By-Laws 
ARTICLE IL. 


Section 1. Individuals having received the approval of a majority of 
the Membership Committee shall become members of this 
Society upon the payment of dues, except in the case of 
honorary members who shall be elected by unanimous vote 
of the full Board of Directors. 


Section 2. Membership shall be divided into five classes: 


Class A. Sustaining members, being individuals or individuals dele- 
gated by corporations, firms, partnerships, ete., interested in 
the science and art of welding, with full rights of membership. 


Class B. Members, being individuals interested in the science and art 
of welding, with full rights of membership. 

Engineers or individuals competent by experience or train- 
ing to plan or direct welding operations are eligible to this 
class. 

Annual dues ..... $20.00 


Class C. Associate members with right to vote but not to hold office, 
except in Sections as may be provided for by the By-Laws 
of the Sections. Supervising welders, inspectors and skilled 
operators, with three or more years’ practical experience in 
welding are alse eligible to this class. 

Annual dues .............. $10.00 
Class D. Operating members, who are welders or cutters by occupa- 


tion, without the right to vote or hold office except in Sections 
as may be provided for by the By-Laws of the Sections. 


Annual dues .............. . $5.00 
Write te the Secretary for a membership blank. 
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G-E Portable Semi-Automatic Arc 
Welding Equipment is the most ad- 
vanced method of arc welding. 


been a pioneer in the d 


of arc welding. 


General@ Electric 


General Office C 
Schenectady. NY © mn? 


ACHIEVEMENT 


From the first sets for hand welding 
operations to the new type of Port- 
able Semi-Automatic Arc Welder— 
the General Electric Company has 


manufacture of equipment which 
gives to Industry the broadest uses 


Mm Sales Offices in 
LY all large cities 438-651x 


esign and 
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USUALLY CARBIDE MEANS 
UNION CARBIDE 


It always does at 150 Union Carbide ware- 
hauses, strategically located from Portland, 


Maine, to San Diego, California, and from 
Seattle on Puget Sound to Tampa on the Gulf. 


Union Carbide is always packed in blue and gray 


drums. 


UNION CARBIDE SALES COMPANY 


Carbide and Carbon Building—30 East 42nd St. 
NEW YORK CITY 


CHICAGO SAN FRANCISCO 
Peoples Gas Bldg. Balfour Bldg. 


Service That Carries On 


LINDE is vitally imterested in aiding oxygen users. 


The will to help is futile if it is not combined with the 
ability to serve. In a nation-wide business such as the 
Oxygen Industry. ability te serve depends on physical 
facilities and organization. 


‘= Linde Service only begins with seeing that your oxygen 
Linde supply requirements, wherever you may be, are satisfied 

Plants promptly and fully. It carries on —extends real co-opera- 
and 


tion and constructive advice as to the efficient and economi- 
Warehouse cal use of oxygen. It belongs to Linde users. 


THE LINDE AIR PRODUCTS COMPANY 
Carbide and Carbon Bldg., 30 East 42nd St. 
New York 


Balfour Building, San Francisco 
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Acetylene in Portable Cylinders for Oxy- 
Acetylene Welding and Cutting 


Supplied in any quantities. Do you understand our 
free loan plan? If not, we are glad to explain. 


Supplied in the following sized cylinders: 
10” x 30° size—capacity approx. 125 cu. ft. 
12” x 36” size—capacity approx. 225 cu. ft. 
12” x 44” size—capacity approx. 275 cu. ft. 


Prompt and efficient service through plants and warehouses. 


COMMERCIAL ACETYLENE SUPPLY CO., INC. 
(Main Office) 80 BROADWAY, NEW YORK CITY 
BRANCHES :— 


204 Trust Co. of Ga. Bldg., Atlanta, Ga. 
540 So. Dearborn St., Chicago, II] 

553 Monadnock Bldg., San Francisco, Cal. 
18 Torento St., Toronto, Ont., Canada. 


K-G Welding & Cutting Company, Inc. 


556 WEST 34th STREET 
NEW YORK CITY 


MANUFACTURERS OF K-G-TORCHES 


THIS SPACE FOR SALE 
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ELECTRIC ARC 
WELDING 


INSTANTANEOUS FUSION 
No Warping—No P,e-Heating— 


No Dismaatling 


ELECTRIC ARC CUTTING & WELDING CO. 
152 Jelliff Avenue, Corner Avon Avenue, Newark, N. J. 
Telephone Waverly 7802-3 


IUustration Electric Are Welted Frame N 


MILBURN 
WELDING AND CUTTING APPARATUS 


including all sizes of Welding and Cutting Torches, 
Regulators and Welding Generators is the develop- 
ment of 20 years’ research. 


The result is a constant saving in gas consumption, time of oper- 
ation and a higher efficiency. 


THE ALEXANDER MILBURN COMPANY 
1420-1428 W. Baltimore St., Baltimore, Md. 


ROEBLING WELDING WIRE 


For 


For 
Electric Oxy-Acetylene 
Welding Welding 


Bare and Insulated Copper and Steel Wire and Wire Rope 


JOHN A. ROEBLING’S SONS CO., TRENTON, N. J. 


PHILADELPHIA—223-227 Arch St. CLEVELAND—701 St. Clair Ave., N. E. 
NEW YORK—117-119-12 it 3 ATLANTA—69 Walton St. 

St. LOS ANGELES—216 Alameda St. 
CHICAGO—165 West Lake St. PORTLAND, ORE.—487 Lovejoy St. 
PITTSBURGH—Sandusky & Robinson Sts. SEATTLE—900 First Ave., South. 


Permanent Repairs of Heavy Broken 
Machinery 


Shafts Gears 
Crank Shafts Rolls 
Crushers Locomotive Frames 


Send for Pamphlet 1735. 
METAL & THERMIT CORPORATION 122,.BROADWAY 


NEW YORK 
Boston Pittsburgh Chicago Francisco Toronto 
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Anything and Everything for Oxyacetylene Welding and Cutting . 


AitcoDavis Bournonville 


Welding Torch 


Torch ss good as its name, and 

fold at a price within the reach of 
"Write for Aitco booklet: 


REDUCTION SALES. COMPANY 


Airee Oxygen — Airco Acetylene — Airco-Davis- 
Bearnenville Welding and Catting Apparate: and 
Aecotylene Generators, and Specially Designed Machines 
Automatic. Welding and 


342 Madison Avenue, New York,.N. 
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